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Overview
• The ATLAS luminosity system - LUCID and ALFA
• TAN detectors at IP1 - the ATLAS ZDC and the LHCf experiment
• Diffractive measurements at ATLAS at low luminosity
• The ATLAS forward physics upgrade and high luminosity measurements
Andrew Pilkington, DIS 2008
Forward Detectors near ATLAS
Andrew Pilkington, DIS 2008
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420 m from the interaction point, but they are just mentioned in this brief 
introduction since no decision has been taken yet concerning them. 
   
 
 
Figure 1  Placement of the forward detectors along the beam line around the ATLAS interaction 
point (IP). 
 
2.   The LUCID Detector 
The luminosity can be measured by several detectors in ATLAS but LUCID (or 
LUminosity measurement using Cerenkov Integrating Detector) will be the only 
detector that is dedicated to luminosity monitoring. Its main purpose is to detect 
inelastic pp scattering in the forward direction, both in order to measure the 
integrated luminosity of the ATLAS runs and to monitor online the in- 45 
stantaneous luminosity and beam conditions. Potentially, LUCID could also be 
used for diffractive studies, for example as a rapidity-gap veto or as tag for the 
diffractive signal [2]. 






 or less, the detector will only have to 
count the number of bunch crossings producing an interaction. At the LHC 
design lumi osity, however, most bunch crossings will result in multiple 
interactions and the detector will have to measure how 50 many of these have 
occurred. The basic principle of the detector is that the number of interactions 
in a bunch crossing is proportional to the number of particles detected in 
LUCID. This holds even when most of the detected particles originate from 
secondary interactions.  
 Since there is no Landau tail in the measurement of Cerenkov light, it is in 
principle possible to determine the number of particles that have entered a 
Cerenkov tube by using pulse height measurements (so-called particle counting 
mode). The probability that several particles enters the same tube is, however, 







show that a simpler measurement of counting only the number of tubes with a 
signal above a preset threshold (so-called hit counting mode) gives a 
measurement with an acceptable systematic error for online measurements. 
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LHCf: LHC forward physics
BRAN: Beam RAdiation Neutrals monitor
ZDC: Zero Degree Calorimeter
ECAL = Electromagnetic CALorimeter
HCAL = Hadronic CALorimeter
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LUCID ALFA Roman Pots
The ALFA Roman Pots
Andrew Pilkington, DIS 2008
• Aim to measure elastic scattering using Roman 
Pot spectrometers.
• Need special (High β* ) optics to measure 
scattering angle:
• Parallel-to-point focussing







dead edge < 100μm
σxy<30μm
Achieved with scintillating 
fibres.
Absolute Luminosity Determination
• Elastic scattering rate given by nuclear and EM 
(Coulomb) terms:
• Fit to ALFA data gives luminosity to ~3%            
(inc. systematics).
Andrew Pilkington, DIS 2008







































ATLAS Technical Design Report, V-1.0
Forward Detectors for Luminosity Measurement and Monitoring 27 February 2007
9   Performance estimations  105
marised in Table 9-2. The luminosity is determined with good accuracy and also a fair estimate of the
forward physics parameters is obtained. There is however a large statistical correlation between the pa-
rameters, in particular between the luminosity and the total cross section. The correlation is different for
the linear and logarithmic fit and depends on the fit range. As a consequence the parameter errors for the
two fit options are slightly different.
9.4.3 Systematic uncertainties for the luminosity
Experimental systematic uncertainties arise from a limited precision of the knowledge of the properties of
the beam, the background and the detector. For some aspects like the background the level of precision is
currently not well known and assumptions have to be made.
9.4.3.1 Beam divergence and crossing angle
The divergence of the incoming proton beams at the ATLAS Interaction Point produces a systematic dis-
tortion, which has to be corrected by means of a Monte-Carlo correction. As input to the simulation the
actual value of the divergence is needed. The beam divergence is expected to be known to ! 10%. The
corrections were for systematic purposes re-calculated with a divergence value shifted by ! 10% and used
in conjunction with the nominal data set to determine the luminosity. The difference of the fit result with
respect to the nominal luminosity is about 0.3% and assigned as systematic uncertainty. All experimental
systematic uncertainties are summarised in Table 9-3. The crossing angle could in principle have a non-
zero mean value, an upper limit can at least be estimated using special beam position monitors (see
Section 3.7). For a mean crossing angle of 0.2 µrad and using the same procedure as for the divergence an
systematic uncertainty of about 0.2% is observed.
9.4.3.2 Optical functions
The values of " and "# are needed at the reconstruction step, the relevant term in the expression for the ef-
fective lever arm is . As outlined in Chapter 3.7 "#$can be determined with a relative uncertainty of
1% and "$with 2%, for  an uncertainty of 2% is conservatively assumed. Changing the effective le-
ver arm by this amount leads to a systematic error for the luminosity of about 0.7%. 
The phase advance of the betatron function between the Interaction Point and the Roman Pots must also
be controlled precisely. Its value  is again needed for the t-reconstruction. It is assumed that the
Table 9-2  Fit results for the luminosity and forward physics parameters.
Input Linear fit Error [%] Log. fit Error[%]
L [1026 cm -2 s-1] 8.10 8.151 1.77 8.057 1.89
%tot [mb] 101.511 101.14 0.9 101.77 1.0
b [GeV-2] 18 17.93 0.25 17.97 0.12
& 0.15 0.143 4.3 0.146 3.8
Fit range 0.00055< -t < 0.055 -3.2 < '$< -1.0




• Detector edge 1.5mm from beam:
• θmin = 2.7μrad
• tmin = 0.00055
LUCID
• Symmetric array of polished aluminium tubes 
surrounding beam-pipe at z=±17m (5.6<|η|<6.0).
• Tubes filled with C4F10 - charged particles emit 
Cerenkov radiation when passing through tube.
• Photons propagate down tube (2-3 reflections), 
read out by rad-hard PMT.
• Upgrade proposal to have complete azimuthal 
coverage at higher luminosities.
Andrew Pilkington, DIS 2008
Luminosity monitoring
• Mean number of particles per tube per event is 
proportional to the luminosity.
• LUCID measures relative luminosity by measuring the 
increase/decrease of particle hits per tube.
• Needs to be calibrated at a known luminosity:
• LHC machine parameters at first (10-20% with 
special effort).
• Standard candle events (5-8%) e.g. Z production.
• ALFA calibration during special optics (~3%).
Andrew Pilkington, DIS 2008
Hit Counting
(No particle separation in the tube)
The LHCf experiment
• Calorimetry provided by tungsten layers/plastic scintillators.
• Transverse position measured by scintillating fibres 
(detector 1) and silicon strips (detector 2).
Andrew Pilkington, DIS 2008
Experimental method: 2 independent detectors on both sides of IP
=>redundancy, background rejection 









!"#$Detector #1 Detector #2
(RI132- left to IP1) (RI171- right to IP1)
TAN TAN
Services: - cabling (TS/LEA, TS/EL),
- plugs installation in the tunnel (TS/EL),
- cable tray installation in UPS galleries (TS/EL), 
- cooling study (TS/CV) only for detect.2
Courtesy of LHCf Firenze teamCourtesy of LHCf Nagoya team
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2 detector designs/geometry
to provide redundancy
• Measure forward particle production from protons at LHC 
(Elab=1017eV) to constrain MC models of cosmic ray showers.
• Preparation for future cosmic ray experiments looking for 
protons above GZK cut-off at 1019eV.
Andrew Pilkington, DIS 2008
LHCf - constraining cosmic rays
Simulation of air shower 





Andrew Pilkington, DIS 2008
ZDC modules (3 Types)
4
TAN at point 1- ATLAS Zero Degree Calorimeter
Services: cabling (TS/LEA, TS/EL)
Installation in 2 phases
without LHCf
with LHCf
• Tungsten/Quartz calorimeter covering |η|>8.3 (neutrals).
• 1 EM and 3 hadronic calorimeters
• Vertical quartz strips for energy measurement.
• Horizontal rods for coordinate read-out.
ZDC Primary Physics
Andrew Pilkington, DIS 2008
Reaction 
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Particle production at far-
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of ZDC & FCAL
Centrality
3
Heavy Ion Physics pp interactions:
• Min-bias trigger.
• Luminosity measurement (<5% .
• Measure centrality of event.
• Forward particle production to 
constrain MC event generators.
Diffractive Physics
• Forward Proton tagging in special runs with ALFA 
- Elastic/SD measurement
• Forward Rapidity gap requirement in FCAL   
(3.2<|η|<4.9),  LUCID (5.6<|η|<6.0) and ZDC      
(|η|>8.3).
• Central rapidity gap in hadronic/EM calorimeters 
(|η|<3.2) and inner detector (|η|<2.5).
Andrew Pilkington, DIS 2008
- See also talk by V. Khoze.
Soft SD measurement with ALFA
• ALFA has good acceptance (in special runs) 
for single diffractive events.
• Measure forward proton spectrum in region  
6.3 TeV < Eproton < 6.993 TeV
Andrew Pilkington, DIS 2008
• SD measurement for ξ<0.01.
• Non-diffractive forward proton spectrum 
measurement for 0.01 < ξ < 0.1.
• Expect 1.2-1.8M events in 100hrs at L=1027 cm-2 s-1.
Hard Single Diffraction
• Look for hard scatter event with gap on one side of the detector. 
Compare gap/non-gap ratio to determine soft-survival.
• Gap defined by LUCID/ZDC + FCAL
• FCAL gap needed to restrict event to diffractive region (xpom<0.01).
• e.g. di-jet production (MC Truth):
Andrew Pilkington, DIS 2008
pT (GeV ) xpom σ (pb) gap type efficiency Events in 100 pb−1
20 < 0.01 7.2×105 FCAL 0.4 2.9×107
20 < 0.1 3.6×106 FCAL 0.08 2.9×107
40 < 0.1 2.1×105 FCAL 0.05 1.0×106
40 < 0.1 2.1×105 LUCID,ZDC 0.44 9×106
• Approximately 5000 (8000) SD di-jet events in 100 pb-1 with jet transverse energy > 20 (40) 
GeV after trigger pre-scale. 
DPE/CEP measurement
• Two central jets with |η|<2.5. 
• Gap imposed on both sides of IP in FCAL, 
LUCID, ZDC.
• Expect CEP cross section to be 50 times 
larger than DPE for these criteria.
• Measurement of CEP dijet production at 
14TeV.  Compare with CDF measurement 
to constrain theoretical model.
Andrew Pilkington, DIS 2008
FPD alignment and measurement of dσ/dt
• Use elastic events to align quadrupole detectors
• Measurement of elastic cross section dσ/dt using special
runs in progress








































7 < EJet1, 2 < 10 GeVT
0.035 < #- p < 0.095
0.01 < #p < 0.03




















In double pomeron exchange (DPE), both partons entering the hard scatter 
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• Di-jet production via colour singlet exchange 
(background from single gluon exchange process).
• Require two jets, one in each forward calorimeter.
• Require gap in central calorimeter.
• ATLAS can make an improved measurement with 
increased COM energy and available phase space.
Andrew Pilkington, DIS 2008
D
Model Fits to Data
Using Herwig 5.9
√s = 1800 GeV
None of these models describe data
D0 data (PLB 440, 189 (1998))
Atlas Forward Physics Upgrade
Andrew Pilkington, DIS 2008
Generator ξ range
0.002 - 0.02 0.02 - 0.05 0.02 - 0.1 0.02 - 0.2
Equation 5 (fSD) 0.0112 0.0040 0.0070 0.0098
PYTHIA (fSD) 0.0104 0.0045 0.0081 0.0112
(fND) 0.0002 0.0016 0.0043 0.0124
PHOJET (fSD) 0.0069 0.0031 0.0055 0.0081
(fSD + fDPE) 0.0097 0.0045 0.0081 0.0118
(fND) 0.0018 0.0025 0.0059 0.0192
Table 1: The fraction of events at the LHC that produce a forward proton on one side
of the interaction point in a specific kinematic range. The PYTHIA and PHOJET event
generators are compared to the single diffractive cross section given in equation 5. SD
labels the outgoing proton from single diffractive scatters and ND labels the protons
produced from non-diffractive scatters. DPE labels double pomeron exchange events.
and one with 0.02 ≤ ξ ≤ 0.2 is 1.4 × 10−3. This allows us to construct the [pp][X]
overlap backgrounds. The cross sections for the three types of di-jet overlap backgrounds,
[p][X][p], [pX][p] and [pp][X] are shown in figure 5 (b) as a function of instantaneous
luminosity.
Monte Carlo overlap events used for the simulated analysis presented in section 5 are
constructed as follows: The HERWIG Monte Carlo [43] is used to generate di-jet events,
interfaced to JIMMY [44] to simulate secondary scatters between spectator partons in
the interacting protons. Single diffractive di-jet events are generated using POMWIG.
For small ξ, diffractive protons are generated according to the distribution in ξ and
t given by equation 5 and added to the event record. For ξ > 0.02, the protons are
selected as diffractive or non-diffractive on an event-by-event basis, according to the
cross sections presented in section 4.3. We model the non-diffractive proton kinematics







where αIR(t) = 0.5 + 0.3t and bIR = 1.6 GeV−2 [37, 38].
5 Simulated measurement of central exclusive Higgs Boson
production in the b-jet channel
Having generated the signal and background events, we now investigate a possible exper-
imental strategy for detecting central exclusive Higgs production in the bb¯ decay channel.
The analysis presented here is specific to the ATLAS detector, in that we use the ATLAS
parameters for detector smearing effects and b-tagging efficiencies. We do not expect
the conclusions to be materially different for CMS for 420m detectors alone. However, as
discussed in section 2 the asymmetric events, with one proton detected at 220m and one
10
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Fig. 29: Mass resolutions obtainable in ATLAS (a) for 420 + 420 m measurements, (b) for 420 + 220 m
measurements, (c) combined. The curves have different amounts of smearing applied as explained in the
text.
applying a chosen combination of Gaussian smearings and fitting the resulting histograms of re-
constructed minus true mass with a Gaussian function, whose width is plotted here. The sets of
curves represent the resolutions obtained: (1) with no physical smearing applied, indicating the
precision of the reconstruction algorithm, (2) applying smearing due to the 0.77 GeV/c Gaussian
distribution of the primary proton beam momentum (3), also including a 10 µm lateral smearing
of the interaction vertex within incident beam spot, (4) also including a 10 µm smearing of the
measured position x in the silicon system, (5,6) also including 1, 2 µrad smearing, respectively,
of the dx/dz measurement in the silicon system. The curves in (c) give the overall mass resolu-
tion under the conditions of (5) and (6) for all events in both regions combined. The effects of
a small smearing of the x measurement in the silicon system are seen to be small in comparison
with the other effects. The overall resolution is as low as 2 GeV/c2 in the central mass range of
interest, using the expected 1µrad angular uncertainty in the dx/dz measurement. It should be
noted that the 2 µrad curve could be considered an upper limit to the resolution, as a comparable
resolution can be obtained by simply constraining the angle of the emitted proton to be along
the beam direction at the interaction point.
It is possible to measure the transverse momentum of the proton as it emerges from the
53
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Fig. 26: Acceptances as a function of Higgs mass with det ctor acti e edg at various dista ces from the
beam cent e at 420 for IP1 (dotted line) and IP5 (dashed line). Also shown is the acceptance for events
with one proton etected at 220 m and one pr ton at 420 m (or also 220 m, upper branch) . The smaller
distance is always the 220 m distance. (OK unless we remove upper deviation, but i guess we can keep
this.)
Fig. 27: Number of proton hits per year due to the process pp→ pX for 20 fb−1 integrated luminosity.
Protons were generated with PYTHIA 6.2.10 (single diffraction process 93) and tracked through the beam
lattice with HECTOR.
51
Very good mass resolution from forward protons
Good acc ptance fo  combi ed 
detec o s at 420m and 220m
Measure forward protons from DPE/CEP.
Physics with Forward Proton Tagging
• Higgs boson measurement:
• Standard Model h→WW*, for Mh > 140GeV.
• MSSM h,H→bb and h,H→τ+τ- for Mh/H < 240GeV.
• NMSSM h→aa→4τ,  90GeV < Mh < 110GeV.
• Slepton pair production.
• Gluino pair production for split-SUSY models.
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Fig. 5: 5σ discovery contours (upper plot) and contours of 3σ statistical significance (lower plot) for the
CEP H → bb¯ channel in theMA - tanβ plane of the MSSM within theMmaxh benchmark scenario (with
µ = +200GeV) for different luminosity scenarios as described in the text [16]. The values of the mass
of the heavier CP-even Higgs boson,MH , are indicated by contour lines. The dark shaded (blue) region
corresponds to the parameter region that is excluded by the LEP Higgs searches [38, 39].
13
Heinemeyer et. al. MSSM H→bb 
EPJ, C53 (2008)
M (GeV)










































































Fig. 18: Typical mass fits for the 120 GeV/c2 MSSM h → bb¯, with the L1 trigger and analysis cuts
discussed in the text, for 3 years of data taking at 2× 1033 cm−2 s−1 (60 fb−1 3.5σ, left plot) and at
1034 cm−2 s−1 (300 fb−1, 3σ, right plot).
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(b)
Fig. 19: (a) Typical mass fit for the 120 GeV/c2 MSSM h → bb¯ for 3 years of data taking at
1034 cm−2 s−1 after removing the overlap background contribution completely with improved timing
detectors. The significance is 5σ for these data. (b) Significance of the measurement of the 120 GeV/c2
MSSM Higgs boson versus luminosity, for two different combinations of muon – MU6, MU10 – and
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- See (e.g) talks by J.Forshaw, M. Tasevsky.
Detector Geometry at 220m
• See talk by B. Cox for 420 geometry and 
details on detectors.
• Each arm contains:
• 2 Roman Pot units with rad-hard 3D 
silicon detectors (σz~10μm).
• 1 Hamburg Pipe with time-of-flight 
detectors (σt~10-20ps).
• L1 Trigger for CEP physics:
• Double arm coincidence (M>300GeV).
• Single arm hit + central detector 
information.
Andrew Pilkington, DIS 2008
Summary
Andrew Pilkington, DIS 2008
Luminosity:
- LUCID and ALFA will provide the luminosity to ATLAS to better than 5% accuracy.
Forward Particle Spectrum:
- ZDC (and LHCf experiment) will measure forward particle production for MC tuning.
- ZDC will measure forward spectators for heavy ion collisions; provide trigger, luminosity and 
centrality measurements.
Low luminosity physics:
- Elastic scattering and σtot using ALFA
- Single diffractive forward proton spectrum (ALFA). 
- Single diffractive di-jet and W production, double pomeron exchange and central exclusive 
production of di-jets (with rapidity gap veto in FCAL, LUCID, ZDC).
- Gaps between jets as a probe of colour singlet exchange.
High luminosity upgrade:
- Possible upgrade installing radiation hard tracking detectors at 220m and 420m from the 
interaction point.
- Provides good mass measurement of new physics.
